ABSTRACT. A subsurface drip irrigation (SDI) system was installed in 2001 in the Coastal 524, 555, and 643 mm in 2001, 2003, and 2004, respectively. 
Cotton lint yield and quality are directly influenced by crop water stress (Lansford et al., 2004; Henggeler, 1995) . Nuti et al. (2006) found that SDI improved cotton fiber length compared to overhead sprinkler irrigation in a study conducted in North Carolina. Profitability for cotton using SDI may be substantially better than expected due to increased lint yield and multi-year system life (Camp et al., 1997) . Use of SDI in cotton has increased dramatically nationwide, especially in areas with water shortages (Lansford et al., 2004; Hanson et al., 2000; Camp et al., 2000) . One of the benefits of SDI is its ability to conform to small fields and its potential competitive advantage at smaller scales compared to pivot and other overhead irrigation methods. O'Brien et al. (1998) suggested that SDI systems become more economical than center pivot systems at field sizes less than 26 ha in a continuous corn cropping system, while Bosch et al. (1998) found that this threshold was about 30 ha for a corn-soybean rotation. The average size of a cotton field in North Carolina is about 6 ha.
Several studies have investigated the impact of SDI dripline spacing on cotton yield. Less research has been conducted on evaluating the distribution of water from SDI systems. Dripline spacing in SDI systems is typically determined by crops to be grown, capital costs, and anticipated yields associated with the different spacing (Bosch et al., 1998) . A review of SDI practices by Camp (1998) found a range in dripline spacing from 0.95 to 3.1 m and a depth of 0.2 to 0.45 m for systems in cotton. Several of the systems reported were used for research and likely span a greater range in spacings and depths than those used in commercial settings. In a study done in the southeastern Coastal Plain of South Carolina, no difference was found in lint yield between 1 m and 2 m dripline spacings (Camp et al., 1997) .
In a study done in a clay loam soil in western Texas, Enciso et al. (2005) found that a 0.3 m dripline depth resulted in greater net economic returns than a 0.2 m depth for both 1 m and 2 m dripline spacings. In the same study, lint yield, seed mass, and gross and net returns were significantly greater for the 1 m spacing in the first two years of a three-year study but significantly less than the 2 m spacing in the third year. The authors suggested that wheel traffic in the 2 m dripline furrows lead to poor germination in one of the study years. Other studies have been done in regions of the country with water shortages, and therefore have evaluated not only dripline spacing but also irrigation levels and plant populations. In another study done in western Texas (Enciso-Medina et al., 2002) , dripline spacing was varied to primarily evaluate the effect of cotton row spacing, planting patterns, and irrigation water levels on water use efficiency in a silty clay loam soil. Ultra-narrow row (0.36 m) spacing resulted in higher water use efficiencies than 0.76 m and 1.02 m row spacings. Driplines were placed beneath every row in cotton with the 0.76 m and 1.02 m row spacings, while the ultra-narrow row cotton had driplines at 0.76 m spacing. Bordovsky and Porter (2003) found that SDI increased water use efficiency by 30% over spray and by 16% over LEPA when averaged over two irrigation levels. The study was conducted in a loam soil using a dripline spacing of 2 m, or between every other cotton row. Colaizzi et al. (2005) found higher grain sorghum irrigation water use efficiency (IWUE) for SDI than for spray and LEPA for 25% and 50% of full irrigation levels, but IWUE was less for SDI than for spray at 75% and 100% irrigation levels. The study was conducted in a clay loam soil with a dripline spacing of 1.52 m (alternate furrows).
The effect of dripline spacing on yield and water use efficiency is complicated by soil variability. This effect derives from varying wetting patterns in different soil conditions. Soil water distribution is affected not only by soil texture but also by soil layering and compaction. Camp et al. (1999) found no difference in cotton lint yield for 1 m and 2 m dripline spacings or between SDI-irrigated and rainfed yields in an evaluation of no-till production systems in a loamy sand soil. In that study, considerable soil compaction at shallow (<5 cm) depths restricted root development and thereby most likely limited the effectiveness of the SDI driplines placed at a 0.30 m depth.
As the object of any irrigation system is to apply water to the root zone as efficiently and uniformly as possible, the extent of lateral and vertical movement of water applied by an SDI system is likely to be a strong predictor of success of system design, particularly dripline spacing. Some researchers have developed models to predict the extent of the wetted zone for drip and subsurface drip irrigation. Skaggs et al. (2004 ) compared HYDRUS-2D (Simunek et al., 1999 simulations to observations of soil water distribution from dripline installed at 0.06 m in a sandy loam soil. Generally, both model-predicted and observed wetting fronts increased laterally and vertically with increasing application rate for a given elapsed time. "WetUp" has been proposed as a "user-friendly" design tool software package for use in predicting radial and vertical wetting distance from an emitter based on emitter flow rate, application time, antecedent soil water content, and emitter location (surface or buried). Singh et al. (2006) used dimensional analysis to fit a model that predicts the width and depth of wetted volume from unit discharge, volume discharged, hydraulic conductivity, and depth of dripline placement. The model was fit with data from a sandy loam soil. They found that wetting depth increased with dripline depth at all discharge rates investigated, for dripline depths ranging from 0.05 to 0.15 m. Amali et al. (1997) found that soil water variability was greater in SDI than with continuous-flow and surge-flow furrow irrigation. This was explained, in part, by the point-type emission from the drip emitters. Raats (1977) indicated that spatial variability in soil water content may depend on emitter spacing to a depth at least equal to the spacing.
While soil texture has traditionally been the predictor of wetted area and shape from drip irrigation, soil structure can have a pronounced effect. Thorburn et al. (2003) came to the conclusion that much variation in wetted dimensions can occur within a single textural class, depending on the soil structure, after modeling the dimensions using hydraulic properties from a number of soils. Pans formed from equipment traffic, or natural eluviation processes can also affect water movement. Camp et al (1999) found that the efficacy of an SDI system with dripline placed below a compaction layer was poor, as water movement to the root zone was restricted. Using this same concept, products with artificial barriers have been placed under driplines to promote lateral water movement, discourage deep percolation, and promote crop establishment. Charlesworth and Muirhead (2003) found that one such product did not improve plant establishment when compared to normal dripline, but they concluded that the lack of difference was due to a natural clay pan.
The irrigation method itself can induce changes in soil properties that may affect water distribution. Hulugalle et al. (2002) found that SDI improved soil chemical and physical properties (reduced sodicity and increased aggregate stability) in a heavy-textured loam, but not in a lighter-textured soil when compared with furrow irrigation on a study done at two farms in hardsetting red Alfisols sown to cotton.
The early goals of SDI research in North Carolina were evaluations of yield response of several commodity crops to different dripline spacings and observation of water distribution from driplines in soils typical of the Piedmont and Coastal Plain of North Carolina. This article presents results from four years of such research on cotton in a soil and climate representative of the North Carolina Coastal Plain. The objectives of this study were to evaluate water distribution from an SDI system in a sandy loam soil, and to test the effect of irrigation system type and SDI dripline spacing on seed cotton yield and water use efficiency.
MATERIALS AND METHODS

SDI SYSTEM COMPONENTS AND INSTALLATION
The SDI system was installed at the North Carolina Department of Agriculture Peanut Belt Research Station, Bertie County, in a Norfolk sandy loam (fine-loamy, siliceous, thermic, Typic Paleudults) in April 2001.
Driplines were installed at a depth of 0.25 m on a 0.91 m spacing with commercial installation equipment. The dripline used was T-tape TSX515-30-340 (15 mil, 16 mm, with emitters every 0.3 m and a nominal flow rate of 340 L h −1 100 m −1 at 55 kPa). In April 2002, an additional zone with driplines on 1.82 m spacing was added to the SDI system. The 0.91 m dripline spacing corresponds to the row spacing of cotton (under every row and referred to as SDI-1), while the 1.82 m spacing is an alternate-middle row arrangement (referred to as SDI-2), i.e., 1 or 2 refers to a multiple of row spacing. Pressure regulation (69 kPa) was provided at the supply manifold. Irrigation water was supplied from a 22,700 L nurse tank that was replenished by an irrigation pond. An irrigation controller was installed to help automate irrigation. Further details of the irrigation system may be found in Lanier et al. (2004) .
CROPPING SYSTEM AND SOIL PROPERTIES
The SDI system was installed in a conventional tillage, annual cotton-peanut rotation. While cotton and peanut were rotated in the main portion of the field with the 0.91 m dripline spacing, cotton was planted continuously in the 1.82 m zone. Beds were re-established each year, and weed control was accomplished using conventional herbicides and tillage (Bacheler et al., 2005) . Glyphosate was applied as a treatment effect using a 4-leaf and 8-leaf stage application in 2001-2003 and was applied uniformly per label recommendations to all plots in 2004. Nitrogen was applied as 30% urea ammonium nitrate post-plant. Planting dates, harvest dates, final irrigation dates, and fertilizer application rates are shown in table 1.
Five soil cores measuring 0.76 m in diameter and 0.76 m in length were taken from 0.15 to 0.30 m depth (within root zone depth) to determine soil physical properties and to develop soil water release curves. Bulk density ranged between 1.65 and 1.81 g cm −3 as determined from oven-drying and weighing. Particle size fractions averaged 74.6% sand, 19.2% silt, 6.2% clay, and 2.3% organic matter, categorizing the soil as a sandy loam in the USDA system (USDA, 1951) . A soil water characteristic curve was developed by subjecting the cores to successively higher pressures ranging from 3 to 1500 kPa. Volumetric water content was determined by measuring the water released from the soil cores in a pressure chamber, and by oven-drying the soil samples to determine residual soil water.
The data were fit to a van Genuchten model (van Genuchten, 1980) :
where q h = volumetric water content at applied pressure head h q sat = volumetric water content at saturation (applied h = 0) h = applied pressure head (kPa) a, n = model parameters. Saturated volumetric water content (q sat ), a, and n were fit using a non-linear least squares regression procedure in S-Plus (Insightful, 2005) . The resulting soil water character− istic curve is shown in figure 1. This curve was used to con− vert measured soil water potential to volumetric soil water content.
INSTRUMENTATION
Watermark sensors, a type of granular-matrix sensor (Irrometer Company, Inc., Riverside, Cal.), were used to measure soil water tension. The data were used to infer water movement and extraction within the SDI-irrigated plots, and to provide information for irrigation scheduling and irrigation automation. Nests of sensors at 0.15, 0.30, and 0.45 m depths were installed at various distances between a dripline and the midpoint between lines. Replicated sensor nests were placed at 0.15, 0.30, and 0.45 m from the dripline in the zones with 0.91 m dripline spacing and at 0.15, 0.30, 0.45, and 0.91 m from the dripline in the zone with 1.82 m or alternate middle-row spacing. Temperature probes were inserted at a 0.30 m depth at each sensor nest to correct probe resistance measurements for soil temperatures deviating from the standard of 21°C. Probe resistance was corrected to resistance at 21°C and converted to soil water tension using a linear fit for 0 to 200 kPa (Campbell Scientific, 1996) .
A Campbell Scientific CR10X logger with mulitplexer was used to log data. Soil water tension was logged on the hour, along with the daily maximum and minimum values derived from sensors queried every 5 min. Rainfall was recorded using a tipping-bucket raingauge. During rainfall events, soil water tension was logged at 5 min intervals.
SYSTEM OPERATION AND IRRIGATION SCHEDULING
The irrigation controller was set to apply irrigation daily (Monday-Friday). No irrigations were scheduled on Saturday or Sunday, as personnel were unavailable for system monitoring. For 2001 For -2003 , a decision to irrigate on a given day was based primarily on the irrigation scheduling routine used for peanut in the same field (Lanier et. al., 2004) . Irrigator Pro software, an update of EXNUT as described in Davidson et al. (1998) , was used to schedule irrigation events. Irrigator Pro uses soil temperature at 5 cm depth, temperature and rainfall data, and system capacity (depth applied per irrigation) to determine when to initiate irrigation. Irrigation was interrupted after rainfall in excess of 18 mm and re-initiated four days later. For 2001-2003, about 3.5 mm per irrigation was applied to cotton until the end of July, and amounts were increased to about 5.3 mm per irrigation as crop water demand increased.
In 2004, cotton irrigation was controlled using feedback from the Watermark probes and a raingauge at the field. An algorithm in the CR10X datalogger tested for soil water status and rainfall, disabling the irrigation controller when the volumetric soil water content was above 0.17 in the high-level irrigated 0.91 m SDI zone, or when 13 mm of rain had fallen in the previous 24 h ( Grabow et al., 2004) . Two irrigation levels were used in 2004. Two high-level irrigated zones (one 0.91 m SDI zone and the 1.82 m SDI zone) were set to receive 5 mm daily, while a reduced irrigation zone (the other 0.91 m SDI zone) received 3.3 mm d −1 (2/3 of high-level irrigation). From 2001 to 2003, sprinkler-irrigated cotton was scheduled according to Irrigator Pro. Sprinkler irrigation amounts were applied to match SDI-applied amounts as closely as practicable on a weekly basis, but sprinkler irrigation events were less frequent since application depths ranged from 15 to 45 mm.
Although crop evapotranspiration (ET c ) estimates were not used in irrigation scheduling, estimates were made to characterize water demand during the study. The ASCE standardized Penman-Monteith reference evapotranspiration equation, as detailed in Allen (2003) , was used to estimate a grass reference evapotranspiration (ET 0 ) using weather data collected adjacent to the site. Crop coefficients for ET 0 were obtained from Allen et al. (1998) and assumed 155 days from planting to physiological maturity from guidance given in Edmisten et al. (1994; . Crop coefficients were multiplied by ET 0 to estimate ET c . The Hargreaves equation (Hargreaves and Samani, 1985) was used to estimate ET 0 during a period of missing solar radiation data in 2004 (19 May to 13 July).
EXPERIMENTAL DESIGN AND YIELD EVALUATION
The research presented in this article was part of another project intended to evaluate the response of cotton to irrigation method, growth regulator (mepiquat chloride), and glyphosate (herbicide) treatments on glyphosate-resistant cotton (Nuti et al., 2006) and the effect of fungicide programs and irrigation system type in peanut (Lanier et al., 2004) . The work presented herein focuses on the effect of irrigation method and SDI dripline spacing on seed cotton yield and irrigation water use efficiency within the overall experimental design. The design was a strip-split-plot design in a three-factor arrangement. Irrigation treatments (SDI-1 and sprinkler) were arranged as the vertical strips, and two mepiquat chloride treatments (mepiquat chloride applied / not applied) were stripped across the irrigation blocks as sub-blocks (Nuti et al., 2006) . Sub-sub-plots within the mepiquat chloride subblocks measured 3.65 m (4 rows) by 9 m long for SDI plots and 5.58 m (6 rows) by 9 m long for sprinkler plots, and were replicated four times. For 2001-2003, two glyphosate treatments (4-leaf and 8-leaf stage applications) were randomized in the mepiquat chloride sub-blocks. Unirrigated yield data were obtained from the outer two rows of the sprinkler plots. These rows did not receive irrigation due to the limited wetted radius of the sprinklers arranged as a line source. In 2002, an SDI zone with 1.82 m dripline spacing (SDI-2) was added. In 2004, the sprinkler-irrigated block became an unirrigated block and planting dates (10 May/25 May) replaced glyphosate treatments within the mepiquat chloride subblocks. Seed cotton yield was used for the purpose of evaluating irrigation treatment and SDI lateral spacing effect. For lint yield, see Nuti et al. (2006) .
Irrigation water use efficiency (IWUE) was calculated from yield data and irrigation amounts as:
where IWUE is irrigation water use efficiency (kg m −3 ), Y irr and Y NI are irrigated and unirrigated (or rainfed) yield, respectively (Mg ha −1 ), and Irr is applied irrigation (mm). This definition of IWUE (Bos, 1980) was chosen since the contribution of rainfall to crop water requirements in this geographical area is significant. Two separate ANOVA analyses were performed for the seed cotton yield data and IWUE data. The first analysis used data from the 2001-2003 experimental design with irrigation treatment (SDI-1 and sprinkler), glyphosate, and mepiquat chloride as treatment effects, with year treated as a source of replication for the treatment effects. The second analysis used data from 2002-2004, when the SDI-2 block was present, and tested for the effects of irrigation treatment (SDI-1 and SDI-2) and mepiquat chloride, with year treated as a source of replication. Planting date (introduced in 2004) was not significant, so that term was not used in the final ANOVA model. Year by treatment interaction terms were removed from the model if not significant (p > = 0.25), as in Nuti et al. (2006) . Treatment effects and their interactions were tested with their specific error term rather than the overall error term. PROC GLM (SAS, 2003) was used to fit the models, and mean separation tests were done using the Bonferonni multi-comparison test adjustment to control the ex− periment-wise type 1 error rate. Because evaluation of the impact of irrigation treatment on yield was the focus in this study, and results of the mepiquat chloride and glyphosate effects are presented in Nuti et al. (2006) , only seed cotton yield means by irrigation treatment are reported here.
SOIL-WATER DATA ANALYSIS
Soil-water data were evaluated to assess soil-water movement and distribution from the driplines by assessing time-series plots of soil-water content, and by statistical analysis of vertically integrated soil-water data at each sensor nest. Plots were constructed to show soil water content at the monitored distances and depths, and total soil water to the depth monitored at the distances from the dripline monitored. Soil water was vertically integrated to 0.53 m, the depth represented by the three sensors in each nest.
An analysis of covariance (ANCOVA) model was fit to total soil-water content to 0.53 m using distance from the dripline (0.15, 0.30, and 0.45 m) and dripline spacing (SDI-1 or SDI-2) as the main factors. Soil water data from beginning to ending of irrigation for 2001-2003 was used in the analysis. The objective of the analysis was to determine if the overall soil-water content varied with distance from the dripline and between the different dripline spacings.
Since the soil-water content varied over the irrigation season with plant extraction, rainfall, and applied irrigation, the general trend over time was removed so that the focus could be placed on the dripline spacing and distance from the dripline effects on soil-water content. Mean midnight values of vertically integrated soil-water content from all sensors were used as a covariate to de-trend the data. Since the residuals of the ANCOVA were autocorrelated, i.e., not independent and thus violating regression assumptions, the residuals were modeled as a first-order autoregressive process. PROC MIXED (SAS, 2003) was used for the analysis since it allowed for modeling of residuals. The ANCOVA model is: 
where q j,k,i = total water content in upper 0.53 m of soil (mm) for the jth distance from the dripline at the kth dripline spacing for the ith day. flecting the relative differences in solar radiation and temperature.
SOIL WATER DISTRIBUTION
Soil water distribution was inferred from time-series plots of soil water at different depths and lateral distances from the dripline, image plots of soil water content, and analysis of covariance. Plots integrating soil water over the monitored depth were constructed to help determine lateral water movement. Time-series plots of soil water content in 2001 indicated that water moved to mid-row in the SDI-1 zone, a distance of 0.45 m ( fig. 2) . Soil water variability damped with distance from the dripline and depth, as would be expected, but there was some response at all three monitored depths that year. In 2002, a dry year, there is evidence from the time-series plots that water was still moving to mid-row (0.45 m); however, the damping effect with distance was more pronounced. Little water seemed to reach the sensors at 0.45 m depth farther than 0.15 m from the dripline (fig. 3) . The difference between the two years could be attributed to posi− tioning of the sensors relative to the emitters or the variability in the cemented soil layer just below the sensors placed at 0.30 m depth. The antecedent moisture conditions were drier in 2002 due to less rain, so a greater amount of irrigation water would have been required to advance a saturated wetting front both vertically and laterally.
Similar plots for the SDI-2 irrigated zones are shown figure 4. In this figure, the deeper probes show more soil water than the shallow probes for most of the season, in contrast to the SDI-1 irrigated zones in the same year. This may be because the SDI-2 zone was run twice as long as the SDI-1 zones in order to provide the same amount of water over the same area, resulting in a greater vertical hydraulic head. Lateral movement of water was observed in the field, especially in the SDI-2 zone where water could be seen at the surface as darkened areas in the light-colored soil. This visible wetting extended for at least one-half the row spacing (0.45 m). No surfacing (water moving to the surface directly above the dripline) was observed except when the dripline was punctured when locating lines at the beginning of a season. Surfacing is sometimes caused when the hydraulic conductivity of the soil is low and the application rate exceeds the hydraulic capacity of the soil at the emitters. The soil in this study has a relatively high hydraulic conductivity.
Figures 5 and 6 show cumulative soil water to a depth of 0.53 m to mid-dripline for SDI-1 and SDI-2, respectively. These plots allow comparison of water content and movement laterally from the dripline. The soil water content is similar in the SDI-1 and SDI-2 zones in 2002, the driest year of the study. Total water contents at all lateral nests within both zones are also very similar that year, another indication that water is moving to mid-row in both spacing configurations. It should also be noted that since the driplines in the SDI-2 zone are positioned in alternate mid-rows, any cotton row is only 0.45 m from a dripline. Some wilting was observed in the SDI-2 zone, which may be because the rows received water from only one side (one dripline).
In figures 7 and 8, shaded contour plots of soil water display the spatial water distribution from the driplines. The days shown in these plots represent a day prior to irrigation, and then five consecutive days with irrigation during which no rain occurred. A wetter zone can be seen extending about 0.3 m from the dripline in both figures. Evapotranspiration also occurred during this period, so no saturated (approx. 0.30) or field capacity (approx. 0.25) areas are seen. There is no dramatic difference between soil water content at mid-lateral between the two dripline spacings.
Results from the ANCOVA model are shown in table 3, and mean values of average cumulative soil-water content by spacing and depth are shown in table 4. No difference in soil water was found between the two dripline spacings when averaged across all common distances from the dripline (0.15, 0.30, and 0.45 m), and no interaction was found between SDI dripline spacing and distance from the dripline. The lowest value of average total soil water occurred at 0.45 m from the dripline in the SDI-2 spacing treatment (table 4) . This is the distance of the cotton row from the drip− line, and the lower soil water content most likely represents water extraction from plant transpiration. Apart from the values at 0.45 m from the dripline in the SDI-2 spacing treatment, no soil water values with respect to distance from the dripline are statistically different, which indicates that water is moving at least 0.45 m laterally from the dripline. (unirrigated, SDI-1, and sprinkler for 2001 -2003 and unirrigated, SDI-1, and SDI-2 for 2002 ; Gly = glyphosate, and MC = mepiquat chloride. 
YIELD AND WATER USE EFFICIENCY Seed Cotton Yield
Seed cotton yield was greatest for SDI-1 irrigated plots, followed by sprinkler-irrigated plots and unirrigated plots, although average yields were not statistically different for the three-year study. SDI-1 plots averaged 3.55 Mg ha −1 , sprinkler plots averaged 3.35 Mg ha −1 , and unirrigated plots averaged 2.56 Mg ha −1 . There were interaction effects (a different response of a treatment effect by year) between irrigation treatment and year, and glyphosate and year (table 5) . Yields were greater for SDI-1 than for sprinkler for 2001 only. Both SDI-1 and sprinkler yields were greater than unirrigated yields for 2002, but no difference in yield among any of the irrigation treatments was found in 2003 (table 6) . The lack of difference in yields in 2003 can be attributed to substantial well-timed rainfall, which may also explain the interaction effect between irrigation treatment and year.
When the two SDI dripline spacings were compared (2002-2004 data) , seed cotton yield was greatest for SDI-1, followed by SDI-2 and unirrigated, although average yields were not statistically different. SDI-1 plots averaged 3.44 Mg ha −1 , SDI-2 averaged 3.22 Mg ha −1 , and unirrigated averaged 2.58 Mg ha −1 . There was an interaction effect between irrigation treatment and year. The only statistical difference in yields between the two dripline spacings was in 2002, when SDI-1 seed cotton yield was 4.69 Mg ha −1 and SDI-2 yield was 3.71 Mg ha −1 .
Irrigation Water Use Efficiency
Irrigation water use efficiency (IWUE) was greater for SDI-1 irrigated plots than for sprinkler-irrigated plots for 2001-2003, although as with seed cotton yield there was no statistical difference over all years. IWUE was 0.685 kg m −3 for SDI-1 and 0.550 kg m −3 for sprinkler. There was an interaction effect between irrigation treatment and year (table 5) (table 7) .
When comparing the two dripline spacings (2002) (2003) (2004) , IWUE for SDI-1 was greater than for SDI-2, averaging 0.626 The lack of a clear difference in seed cotton yield and IWUE between the two dripline spacings used in this study corroborates other findings in the southeastern Coastal Plain (Camp et al., 1999) and suggests that an every-other-row dripline spacing may be preferable to an every-row dripline spacing for cotton.
SUMMARY AND CONCLUSIONS
A subsurface drip irrigation (SDI) system was installed in the North Carolina Coastal Plain to aid in multiple research initiatives. The study reported here evaluated soil water movement and distribution though arrays of soil water sensors, tested the effect of dripline spacing on seed cotton yield and IWUE, and contrasted SDI and sprinkler yields and IWUE.
Water appeared to move laterally to mid-dripline for both the 0.91 m (SDI-1) and 1.82 m (SDI-2) dripline spacing zones. Lateral movement to this extent was likely due to the cemented soil layer found just below the dripline installation depth. Some plant wilting was noticed in the SDI-2 zone. This effect could be due to the row receiving water from only one side (one dripline). An ANCOVA on cumulative soil water at increasing distance from the dripline showed no difference in soil water between the SDI-1 and SDI-2 irrigation treatments, and except for 0.45 m from the dripline (at the cotton plant) in the SDI-2 treatment where water extraction by transpiration was occurring, no difference in soil water was found at the different distances tested.
Seed cotton yield and IWUE were greater for SDI-1 than for SDI-2 only in 2002, the driest year of the study, but not significantly different over the course of the study. Seed cotton yield and IWUE were greater for SDI-1 irrigated cotton than for sprinkler-irrigated cotton in 2002, but not significantly different over the course of the study. The interaction effect of irrigation treatment and year for both seed cotton yield and IWUE indicate that rainfall patterns play a large part in determining the relative effectiveness of the different SDI dripline spacings and the different irrigation systems (sprinkler versus SDI).
Although a formal financial analysis was not a part of this study, results suggest that alternate middle-row dripline spacing is probably the more economical SDI design compared to every-row spacing. In a relatively humid region such as North Carolina, irrigation is not generally needed for germination of cotton, and rainfall can contribute a considerable portion of the crop water requirement.
